Tobramycin is a new aminoglycoside antibiotic produced by Streptomyces tenebrarius (1, 10, 19) , with an in vitro spectrum of antibacterial activity generally similar to that of gentamicin, but with greater activity against Pseudomonas aeruginosa than gentamicin (3, 4, 12, 15, 22) . The clinical efficacy of tobramycin for the treatment of serious gram-negative infections, including bacteremias, has been recently demonstrated (9) . Although no evidence of renal toxicity or ototoxicity appeared in the 15 patients treated (9) , aminoglycoside antibiotics can adversely affect vestibular, cochlear, and renal function. The toxic effects are related to both serum concentration of antibiotic and duration of therapy (8, 20) . Since tobramycin is excreted mainly by the kidneys (14, 17) , the dosage must be adjusted in patients with renal insufficiency in order to prevent accumulation of drug in blood and tissues, with consequent toxicity (14) . In this study we investigated the pharmacokinetics of tobramycin in patients with varying degrees of renal impairment and in patients undergoing peritoneal and hemodialyses.
MATERIALS AND METHODS
Five patients with stable renal impairment, four patients undergoing peritoneal dialysis, and four patients requiring hemodialysis were studied at the Mt. Sinai Medical Center. Each patient was given a single intramuscular injection of tobramycin at a dose of 1.5 mg/kg. Serum and urine samples were collected, before injection and at timed intervals postinjection of tobramycin, from the patients with stable renal impairment and those undergoing peritoneal dialysis. Dialysate samples were collected from patients undergoing dialysis. Peritoneal dialysis with a solution of sodium chloride, calcium chloride, magnesium chloride, sodium lactate, and dextrose (Inpersol) was begun 1 h after injection of tobramycin. All dialysis runs lasted 45 to 60 min, and each patient was treated for 36 exchanges.
Patients requiring hemodialysis were placed on a Travenol coil hemodialysis machine for 6 h, 1 h after intramuscular injection of tobramycin. Arterial and venous blood samples were drawn at 1, 2, 4, and 6 h after beginning hemodialysis. No urine was produced by the patients during hemodialysis.
All serum, urine, and dialysate samples were stored at -70 C. Tobramycin concentrations were determined by the cup plate method using Bacillus subtilis as the test organism (7) .
The regression lines of the logs of serum concentrations of tobramycin versus time, and their correlation coefficients (r), were calculated by the method of least-squares using a standard computer program to obtain the half-life (T ½/2) of the drug in each patient (5 Table 1 were determined for the regression lines of the log serum concentration of tobramycin versus time. The log T ½/2 showed a linear correlation with the serum creatinine concentration ( Fig. 1 ) and could be expressed by the relationship log y = 0.1303x + 0.649. The mean AVD for these patients was 15 1.5 (standard deviation) liters or 25.8% of body weight.
The urinary concentrations of tobramycin during the first 24 h following injection varied from 2 to 26 ,g/ml (Table 1) .
Patients undergoing peritoneal dialysis. Four patients with serum creatinine concentrations of 16.8 to 26.4 mg/100 ml were studied during peritoneal dialysis ( Table 2 ). The beginning of dialysis was designated as the zero time for determining the decay of tobramycin during dialysis. Tobramycin was injected 1 h before dialysis was begun. The average concentrations of tobramycin in the dialysates varied from 0.85. og/ml during the first 8 h to 0.66 ,g/ml at 16 to 24 h and 0.34 ,g/ml over the final 4 h. The total amount of tobramycin recovered in the dialysates of the patients over a 36-h period varied from 30 to 69% of the administered dose with an average recovery of 49%. The T ½/2 ranged from 17.5 to 37 h during dialysis. In each patient the ratio of dialysate to serum concentration of tobramycin was relatively constant throughout the dialysis, although the ratio was different in each patient (Table 3) .
The urinary concentrations of tobramycin during the first 16 h following injection ranged from 3.2 to 28 yg/ml (Table 2) .
Patients requiring chronic hemodialysis. The data obtained in four patients on chronic hemodialysis are given in (6) . The AVD of 15 liters found in our patients with renal failure is lower than the AVD of 23 liters (30.6% of body weight) reported for tobramycin at a similar intramuscular dose in normal volunteers (16) . However, the mean peak serum level of 7.55 ug/ml in our patients with stable renal impairment was higher than peak serum levels of up to 3.8 ,g/ml of tobramycin determined by a similar assay, at the same dosage, previously reported in normal volunteers (11, 13, 16) . The lower AVD of tobramycin in patients with renal failure may account for the higher peak serum concentrations; no correlation of serum concentration of tobramycin and hematocrit was found in a study of 15 patients (9). Simon et al. (17) reported a volume of distribution of 16.9 liters for tobramycin after a 4-h intravenous infusion at a rate of 6.6 mg/h in normal volunteers; the average T 1/2 was 1.6 h. Naber et al. (14) administered 1 mg of tobramycin per kg to 18 elderly males with urinary tract infections. Ten patients had serum creatinine concentrations <1.5 mg/100 ml, and the remaining 8 patients had concentrations of 1.5 > <3.8 mg/100 ml.
Following intravenous administration, the average volume of distribution of tobramycin was 11.7 and 11.1 liters, respectively, in the two groups of patients. The lack of a difference in the AVD of the two groups may be due to the relatively mild impairment of renal function of most patients in the second group.
The concentrations of tobramycin in urine following an intramuscular dose of 1.5 mg/kg were greater than the minimal inhibitory concentration of the drug for most gram-negative bacteria (12) for at least the first 36 h following injection.
The correlation observed between the log of the T /2 of tobramycin and the serum creatinine concentration in our five patients with stable renal impairment requires verification with a larger number of patients. If this relationship is corroborated, then the serum creatinine could serve as a guide for tobramycin dosage in patients with impaired renal function. The serum creatinine has been suggested as a guide MMMICROB. AG. CHEMOTHER. tients studied by Naber et al. (14) had serum creatinine concentrations <3.8 mg/100 ml, and our data suggest that such simplified correlations may not hold at higher creatinine concentrations.
Tobramycin was slowly removed by peritoneal dialysis. The T ½/2 during peritoneal dialysis differed for the four patients. The factors determining the exchange of tobramycin across the peritoneal membranes in a patient are not yet known. The concentrations of tobramycin in the dialysate returns were lower than the minimal inhibitory concentrations of the drug for most gram-negative bacteria (12). Weinstein et al. (21) found low concentrations of tobramycin in peritoneal dialysate returns in the single patient they studied and suggested that patients with peritonitis may require intraperitoneal instillation of tobramycin in order to achieve therapeutic levels. Low concentrations of gentamicin also have been found in peritoneal dialysates (18) . In contrast, the urinary concentrations of tobramycin in the patients undergoing peritoneal dialysis exceeded the minimal inhibitory concentration of the drug for most gram-negative urinary pathogens.
During 6 h of hemodialysis an average of 51% of the administered dose of tobramycin was removed in our patients. Using a Kiil artificial kidney, Lockwood and Bower (11) reported 70% removal of tobramycin during a 12-h dialysis. The serum T 1/2 of tobramycin decreased 7-fold during hemodialysis. The T /2 of tobramycin of patient 4 during hemodialysis was much shorter than the T 1/2 of the other three patients (Table  4) . Although the explanation for this finding is not apparent, it should be noted that a 6-h venous sample was not available for this patient. The average clearance of tobramycin determined from our patients was 49.1 ml/min. A clearance of 58.8 ml/min was found by Lockwood and Bower using a Kiil artificial kidney (11) .
